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Abstract The life span of Merkel cells (MCs) in normal epithelia 1s not known During the course
of a previous study we found that the numerical density of MCs 1n the postrugal field (PRF) of the
rat hard palate 1s very low 1n adults compared to juveniles We also noticed that PRF's of premature
rats contain many ectopic MCs 1n epithelial surface layers It 1s of interest to know whether the
reduction of MC density in PRFs 1s related to expansion of the area of PRFs or to the disappearance
of MCs from the epithelium, and also whether the ectopic MCs mean cell turnover accompanied by
apoptosis Therefore, we examined changes of numbers and numerical densities of MCs 1n PRF's of
rats of various days of age Apoptosis of ectopic MCs was examined by a fluorescence nick end
labeling combined with immunohistochemistry for anti-cytokeratin 18 It was found that MCs in
PRFs are reduced not only in numerical density but also in number during prematuration stages of
rats There were no MCs that had a nucleus with nick end label, not only 1n surface layers but also
in basal layers of PRF epithelium It was concluded that a large number of MCs are lost from
epithelia of growing rat PRFs by desquamation and apoptosis 1s probably irrelevant to this
phenomenon

Key words desquamation of Merkel cells, rat palatine mucosa, apoﬁtosw
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Fig 1 Schematic illustrations of the surface

aspect (A) and longitudinal section (B) of
the postrugal field (PRF) of the rat hard
palate. AMR, antemolar ruga; IMR,
intermolar ruga; SP, soft palate
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Fig 2 Longitudinal sections of the rat PRFs of
14 and 21 days of age staimned by
immunohistochemistry using anti-human
CK18 It 1s seen that only few numbers of
CK18-1immunoreactive cells (Merkel cells,
MCs) can be seen 1n the basal layer of
epithelial ridges in the immature PRF at
14 days of age (2 A) At 21 days of age,
increased number of MCs 1s seen in the
basal epithelial layer of developed
epithelial ridges of the PRF (2B). ne:
nasal cavity, oc: oral cavity X 85
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Fig 3 PRFs of rats of different days of age stained by immunohistochemistry using anti-human CK18
PRF of 28 days of age contains abundant polymorphic MCs 1n 1ts basal layer of epithelial ridges
and many ectopic MCs with spherical figures in surface cell layers (3 A) Decreased numbers of
typical MCs 1n epithelial ridges as well as ectopic MCs 1n surface layers can be seen at 60-day and
90-day rats (3 B, C) However, one case of 90-day rat group contained a great number of typical
and ectopic MCs than other cases in the same age group (3 D). oe: oral cavity X 100
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density of MCs/mm

21 28 60 90
days of age

Fig 4 Age changes of the density of MCs in
postrugal fields of rats assessed with
arbitrarily selected sections Mean £ SE
Impaired #test compared to the mean
value at 28-day group showed that values
at 21, 60 and 90 days were significantly
low at the 005 level (*)

1000

800

600

400

MC numbers

200

Fig 5

30 45 60 90

days of age

Age changes of MC numbers 1n the rat
PRFs assessed with serial sections of
1solated mucosse Mean + SE Impaired
t-tests compared to mean values at 30
days of age showed that only the mean
value at 60 days of age was significant at
the 005 level (*)

Fig 6 Partial frame demonstration of DLSM 1mages of the PRF of a 30 day-old rat doubly labeled with
nick end labeling and immunohistochemistry for anti-CK18 Several MCs 1n the basal epithelial
layer and one MC 1n the subsurface layer are labeled with anti-CK18 (red color) (6 A) Three
nucler of putative keratinocytes in the subsurface layer are labeled with nick end labeling (green
color) (6 A, B) Note that no MC has nucleus with nick end label. ep, epithelium; Ip : lamina

propria, oc : oral cavity



XV VKD E E TR N — Y 2 OFE 177

% 2=

Tachibana 5135 v b PRF @ * V7 Vil
faidAE%100 HE» S I Ligy, 28HEAE T
B TEEPEL KA EE2WE LT, AU
TTIE, HHAU~PHETDT v FIZDOVT,
PRF ICHB 3 2 V7 VHIREERE & fild D EEL
RPN, FORER, AV OVERIEEIIAERSD
HE@X2E»SRD L, BREICHES PRFHE
FOHLK & bR > TRRREEDS #Ed 5 C &
WS PITE - fo, IEEREFYO ERICE W
T, ATV EK» YT 5 EAFS
PIZ L DIEEREPFIOTTD 5,

KFEICBWT, PREICEIT B A V4 VR
o s o 2RHICE, < DEAHED
2V Ve BB BB I B S
nrzhs, FEEHENICIIBIEI NG - 72,
DT ER, AT IVERRaL LR EED S
TELIEARBELTE, B2 v viika
DHEBREICH AMETH L LEASHTH
%9, LinL, PREICEF 2B VA7 Vi
faoE@EIZHB LEBEXRTEETHY, MIgEERL
EHLTWED -1 &S, TEMmAY 7S HaE
EICL BB S FEZE D, M OLOHETE
IKEICE E 5 T EHRIE S - 7 fifah,
A 5F 794 FEFLicRBICHLETON
TRET A ENEZ SN S,

AV WVEIBAD B ORI 7 # b — & R
L AMIADEER T H B ED, & W05 AT
MEINDEIATH D, T TITBNIFRIT,
AV VEIRIZ B 1T B bel- 2 B FEY O FIR
&, CoffarMiRiia s FEcEWEmaE D
DIZEERIRT B EEZSNTVLEY, 4[H
kA Mb Bz Nick End Labeling &3, 7
R =Y 2O—FEZIEATVAHITHE/L WV E
Ebh T3, Lhrl, BEBD A V7 vilika
EERD T &, BETO R A v Vililao
£ TIT DNA ottt s hidhr -7z &
Mo, TEMN—VRERL RSB ICE -
TW3EIEZEH,

Tachibana 5%, # b4 A #HEUMHZICY

+F:OE RO 2 VA VO —EhEREIHE
L TBE T A EERVIL, AT vl
DEERBICE F 50103 & DESDBLE
ThHdEMRLTWD, MEBREEIA VT IV
fizZ DEARIRS 3V IIHEAZL,
BREAEEABLTOVSEY, Likh->T, Fv b
PRF ik BV THREIBE I NI EED 2 v
IVRRRE D] & > DJFIR THEG AR O KBl A 5K -
FAlET d A AREE EBEHR TV, LA L,
ZDERLICDTT B A VA VKD E & IER
RIEERITH BV EAEEZ NI, HWERESE
B EHEAI S N B IEMEERA T A v ViR
o] 5 OEALPE U THENZELL, EREEIC
BEOELBI B bEE I N S,

J v MMIAEERK 2 2 H THRBRRISET 5,
PRI B ZT B IR O ERIC PRF 2 5%
oA v VIR BE T 5 & W S B (G Bk
FEO, IBERORE T, FEMEERTIA v
R 5 F 7 4 b O R RE R D
JRETERY, AR OFE R L IcB5 L Tw5
AREMEPEZ SN T VWA, 5y bOoOE
D * W VIR D LRA~DIRA LD
POBNTHIRT AV &5, OMianrE
O FEICHEMRAICBES 4 5 Al e 13K
Vo LictroT, HREAEEOREIZR LKA
ARE L A W VililasHE RSN T0 B S IdE A
#\, —7, PRF IRIRFLEAREEESER S 1
T HRET AEAE, A VA VEREE S
LB I —F L TV 5, RIRFLUAR
FERED AT TERR L TREN & 13 - 7o IEMiE S
RUA OV VERRESS, & OBRENERZ TRENE
BN TOL AR S FICEZ 55,

UL, E5E, A v VBB HEIEPHER I
HMERERTFTH 3 NT-3 HEBEICEKL T
W5 EMESMTIE > TELY, PRF kI
B ANT-3ORHEEBORD, H50VIEx vy
WVHIKERIC B 3 NT-3 SEEDOEE R M
/DIn & OFRIRT D 2 v A VKA S DR T &
ZAREME O EZ O D, SHROEMB T8
EFREBLFIC LD COFI>VWT RT3
MEDLHBEBbNS,



178 pE L

&EIC, SEOHIZICBWT, I0H RO
5w b 1flifAD PRF icB VT, ALy &
HLLEBL DA v viilahEEFnTcunic &
FEFECRR TH 5, THIEHE 2 Mm%
OBIEA R TITBE XL VLS HNIL VD, AL
rOVERRADME] & s O BRI CEEIC AR S
CEERTHEE O H 25 TH 5,

AV VRERE D S ZEEICBE L TiE, Merot &
Saurat®™ » 1BTHEICH B & § 5 EHG ~H
L Lk, D% Moll 5+ Tachibana &'
DRI A BRER - DR LR O RRETIc
FOEEINTVS, UL, d5HEOKER
BT, AV VIO hyperplasia DI X
NTWBEYW T Eh o, RELOMELERITE A
W VERIaA RAERE S A BE 1 d 5 T & F
a3, EE ZAOOTHEICEEFICZD
DEFHED A v VlildhEEN TV ST D
Db 5T, GEETH > TH Ay LERla)
ELLRLLTVBE EVWSHIRIIZ T W (G
1, KFEERT—9)0

b L, AL FALIED M BR A # v v
WiIaZHAEET 2N EHBLTVW S &40
F, L v Vil R IcREES TV
W R R 53T B 1E T TH B, Bl
fald & Ny, BRI 50 2 v VRO 53
EHEIEIL TWA A B =2 L3, BELZLD
EBRTANESHEENIRSN TV S, A v Vil
%< &85 v PO PRF IE, TOHFORK
ODHFEICB W THERLBMEERDELTHA

Do

i Ei

Ty b ORI B 1T B 4 L VHRIEZERE O
BRI WTHRET LR, DIFoZ &
B & D02 78 - T2,

1 xovr villaidag® 1 B E Tickke®
BICZEL, TOBRMMMBITET ZFNCHMMT
%o

2 AV OVERRAD D S RIEFRENC K BB
WL DAL B, MiaEERNIGEET DT
3754, 5 F /44 F ORBBEICEVLZE)

FHcRBICHL EFon s,
3. BB A v VIl IE T R - R &
"3 5 DNA O LIZEED S s,

AR OISR IAEE A -7 )+ —F
Tyl bVEISICEEbDTH B,

REm X DE B IZFEL6OE FERRFEEF 2
22 (200377 H, BERD itV THKLI,

X [y

1) Iggo, A, and Findlater, G S A review of
Merkel cell mechanisms Hamann, W, Iggo, A
(eds) Sensory receptor mechanisms World Sci-
entific Publ Singapore, ppl17-131, 1984

2) Hartschuh, W, Weihe, E, and Reinecke, M
The Merkel cell Bereiter-Hahn, A G J, Matol-
tsy, A G, Richards, K S (eds) Biology of the
integument 2 Springer-Verlag, Berlin, pp605-
620, 1986

3) Tachibana, T The Merkel cell recent findings
and unresolved problems Arch Histol Cytol 58
379-396, 1995

4) Ogawa, H The Merkel cell as a possible mec-
hanoreceptor cell Prog Neurobiol 49 317-
334,1996

5) Ramuer1, G, Panzica, G C, Vigletti-Panzica, C,
Modica, R, Springall, D R, and Polak ,JM Non-
mnervated Merkel cells and Merkel-neurite
complexes 1n human oral mucosa revealed
using antiserum to protein gene product 95
Arch Oral Biol 37 263-269, 1992

6 ) Hillinges, M, Astback, J, Wang, L., and Arvid-
son,K Protein gene product 9 5-immunoreactive
nerves and cells in human oral mucosa Anat
Rec 245 621-632, 1996

7) Tachibana, T, Yamamoto, H, Takahashi, N,
Kamegai, T, Shibanai, S, Isek:, H, and Nawa, T
Polymorphism of Merkel cells in the rodent pal-
atine mucosa Immunohistochemical and ultra-
structural studies Arch Histol Cytol 60 379-
389, 1997

8) Tachibana, T, Kamegai, T, Takahashi, N, and
Nawa, T Evidence for polymorphism of Merkel
cells 1in the adult human oral mucosa Arch
Histol Cytol 61 115-124, 1998

9) Kuzusov, H, and Sicher, H Anatomy and
function of the palate in the white rat Anat Rec
114 67-84, 1952

10) Tachibana, T, Fujwara, N, and Nawa, T
Postnatal differentiation of Merkel cells in the
rat palatine mucosa, with special reference to
the timing of peripheral nerve development and



AN IVRADORA L 7R b — v ROFE 179

the potency of cell mitosis Anat Embryol 202
359-367, 2000

11) Tachibana, T, Sakakura, Y, Ishizeki, K, Iida,
S,and Nawa, T Migration of Merkel cells in the
labial mucous epithelium of adult rabbits fol-
lowing mental nerve resection Cell Tiss Res
223 659-664, 1982

12) Uchiyama, Y Apoptosis the history and
trends of 1ts studies Arch Histol Cytol 58 127-
137, 1996

13) Moll, I, Gillardon, F, Waltering, S, Schmelz,
M, and Moll, R Differences of bcl-2 protein
expression between Merkel cells and Merkel cell
carcinomas J Cutan Pathol 23 109-117, 1996

14) Hockenbery, D, Nunez, G, Milliman, C, Schre-
iber, R D, and Korsmeyer, S J Bcl-2 1s an
mner mitochondrial membrane protein that
blocks programmed cell death Nature 348 334-
336, 1990

15) Moll, I, Moll, R, and Franke, W W Formation
of epidermal and dermal Merkel cells during
human fetal skin development J Invest Derma-
tol 87 779-787, 1986

16) Kim, D-K, and Holbrook, K A The appear-
ance, density, and distribution of Merkel cells in
human embryonic and fetal skin The relation
to sweat gland and hair follicle development J
Invest Dermatol 104 411-416, 1995

17) Narisawa, Y, Hashimoto, K, and Kohda, K
Epithelial skirt and bulge of human fetal vellus
hair follicles and associated Merkel cell-nerve

complex Arch Dermatol Res 285 269-277, 1993

18) Narisawa, Y, Hashimoto, K, and Kohda, K
Merkel cells 1n human fetal eccrine glands Brit
J Dermatol 129 541-546, 1993

19) Vielkind, U, Sebzda, M K, Gibson, I R, and
Hardy, M H Dynamics of Merkel cell patterns
1n developing hair follicles 1in the dorsal skin of
mice, demonstrated by a monoclonal antibody
to mouse keratin 8 Acta Anat 152 93-109, 1995

20) Airaksinen, M S, Koltzenburg, M, Lewin, G
R,Masu, Y, Helbig, C, Wolf, E, Brem, G, Toyka,
K V, Thoenen, H, and Meyer, M Specific sub-
types of cutaneous mechanoreceptors require
neurotrophin- 3 following peripheral target in-
nervation Neuron 16 287-296, 1996

21) Merot, Y, Carraux, P, and Saurat, J]-H Merkel
cell mitoses 1n vibrisse an ultrastructural study
J Anat 153 241-244, 1987

22) Moll, I, Zeiger, W, and Schmerz, M Prolifera-
tive Merkel cells were not detected in human
skin Arch Dermatol Res 288 184-187, 1996

23) Schulz, T, and Hartschuh, W Merkel cells 1n
nevus sebaceus Am J Dermatol 17 570-579,
1995

24) Schulz, T, and Hartschuh, W Merkel cells are
absent 1n basal cell carcinomas but frequent-
ly found 1n trichoblastomas An 1m-
munohistochemical study J Cutan Pathol 24
14-24, 1997



